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(71) We, SA NYO BLECOUC COM- 
PANY LiMITHp, of 1« Keiharfwrndori 2- 
chome, Mongudbi, Japan, a jEq>aiiese Com- 
pany, do hereby declare die invention, fox 
^^cb we pray Aat a patent may be granted 
ta us> and die method by which it is to be 
perfonncd, to be paiticilariy described in 
and by the following statement: — 

The ptescnt rave&ti(m is ooocemed widi a 
process and an apparatus for the thennal 
craddng of lUbber-contatidDg orgaMc solid 
wastes, for example^ tyres, rtdAer hose, gotf 
balls and odier rubber arddes, widi super- 
heated steam so thai: the resulting water, 
carbon, oil and the like can be effectively 
utitised. 

It is known to incinerate industrial wastes 
as one of the simplest methods of di3fK>sal but 
this method poses problems, such as air pollu- 
tion and consumption of caibon, ail and like 
useful components as wastes. It is, therefore, 
desirable to provide a method of treating 
Industrial wastes. 

A process has already been proposed in 
which plastics present in industrial wastes arc 
cracked by heating to AGO to 500'C. in steam 
in the afbsenoe of air (see published Japanese 
Patent Af^cation No. 42603/19712). 

It is also proposed to treat wastes of rubber- 
containing articles with a hot gas, such as an 
inert gas, at a temperature of 500 to 600**C. 
(see published Japanese Patent Application 
No. 76966/1974). Although the proposal 
discloses the use of nitrogen gas as a speci<fic 
example of the hot gas a passing reference 
is made to the use of stq^erheated steam. This 
publication further indicates that wastes of 
rubber-containing articles must be bn^en up 
to a predetermined size, usually in the range 
of 5 to 50 mm., befote being subjected to 
thermal cracking. Thus, wastes of rubber 
articles, such as tyres, axe not applicaMe to 
therm^ cracking unless they have been 
crushed, which requires additional apparatus. 
This publication also discloses that the gas 
produced the cracidng is recovered as a 
md and the resulting oil and caiiM>n products 



can be reused, whereas nothing whatever is 
mentioned about the water recovered. As far 
as we are aware, the r ec o vered water contains 50 
oil and other pollutants because of the diffi- 
culty invoired in complete separation and 
must be treated by a large-scale apparatus 
before being discorded into a river or the 
Mke. 55 

One of the c^'ects of the present invention 
is to provide a process and an apparatus by 
m^ns of which rubber-containing ocgnnic 
solid , vmtes, such as tyres, industc^ nibber 
hose, golf balls and the like, can be subjected 60 
to ih^mal cracking trefltment wiihout being 
broken up prior to tteatment so that the 
wastes can he treated economicftlly at a lower 
aj^Kuatus cost tiian in the previously known 
processes in whfdi breaking up means arc 65 
essential^ without requiring large-scale appara- 
tus. 

Another object of the present invention is 
CO carry out the termal cracidng of rubber- 
oontaimng organic solid wastes widi supex- 70 
heated steam, with rnyclinf of the resulting 
water, the necessity of trcatmg effluent water 
thereby being stdMtanilally diminated. 

Another object of the present invention is 
to recover caibon of good quality, i.e. with a 75 
gready reduced volatile content; which can, 
therefore, be used again for the prodacdon of 
tyres, rubber hose^ golf balls and the like. 

Still another object of die present invention 
is to provide & thermal cracking treatment 80 
which con be carried out within a diort period 
of time, 

Tims, according n> the present invention, 
there is provided a process for thermally 
cracking an organic soiid wastes comprising 85 
thermally cracidng a rubber-containing organic 
solid waste with superheated steam obtained 
from a ^ superheated steam generator of the 
internal heating type and recycling the water 
recovered by condensing the resulting cradxd 90 
product and steam for use as a sotircc of water 
for the steam generator. 

By the term "nibbcr-containing organic 
solid wastes" used herein is meant to be 
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onderstood tpxs, ndibcr hose for iadustrial 
use, golf bam and like wastes, which may 
also contain plastics in addition ihe timber 
contained therein. The process of the piescnt 

5 invention is particularly well-smtcd tor the 
thermal cracMog of lorge-dzed waste articles^ 
such as waste tyres. 

The term "superheated steam generator of 
the internal heating type" used herein refers 
10 to a container in v^ch sprayed water or water 
vapour or steam is heated by being brought 
into direct contact widi a flame and is thereby 
converted into si^rheated steam. More 
spedficaUy> the generator can comprise:, f<^ 
15 esample;^ a combustion diamfaer having a 
combustion nozzle in its interior and pro- 
vided with a water spray nozzle or steam 
mlet. PzefetaMyj die supohealed steam pro- 
duced in ilie generator has a temperatuxe of 
20 500 to 900*c! during thermal cracking re- 
aciioiL The smadieated steam prcfciably 
has a pressure of 03 to 1^ kg/cm* (gauge) 
during the tb^r^^fl^ cracking reaction. Thus, 
according to the present invention^ the thennal' 

25 cracking of rubber-containing articles with 
snpexheated steam can be carried oitt at a 
low pressure. Therefore, the apparatus used 
need not have a prcsaurc-rcastant construc- 
tion, vtiiich is advantageous from the point 

30 of view of safety and also means that the 
apparatus is inexpensive to make. 

1h£. presoic inveotion also^ provides an 
appoiatos for thenn^y cradring a rubber- 
containing oiganic solid waste, comprising a 

35 superiieatcd steam generator of die internal 
heating type, a thennal craddng reactor for 
tiicmiaily cradong rubber-containing organic 
solid waste with superheated steam from the 
generator, a condenser for condensing the 

40 cradced product and steam drawn off from 
the reactor and a receiver for the resulting 
condensate^ the aforesaid components of the 
af^aratus being arranged in the given order, 
and a pipe extending from the receiver to die 

45 generator for returning the iccovered water. 

For a better understanding of die present 
invention^ reference will now be made to the 
accompanying drawings, in ^ch: 
Fig. 1 is a diagram showing one embodi- 

50 ment of the apparatus of die present inven- 
tion for thennaUy cracking rubber-containing 
organic solid wastes; 

Fig. 2 is a partial view in vertical section, 
showmg a thennal cracking reactor; and 

55 Fig. 3 is a cross-sectional view taken along 
the line A— A in Fig. 2. 

Referring now to Fig. 1, an apparatus 1 
for dicimally cracking the waste comprises a 
siiperiieatBd steam genemtor 2 of the internal 

60 heating type, a reactor 3 for thermally crack- 
ing the waste with superheated steam from 
die generator, a ccmdenser 4 for condmring 
steam and cracked product drawn off from 
the reactor and a receiver 5 for the conden- 

65 sates, these means being arranged in the given 



order. A return line 6 for the water recovered 
and drawn off from the receiver 5 extends 
tarn the receiver 5 to the superheated steam 
generator 2. ^ . 

The superheated steam genemtor 2 of the 70 
internal hearing type, whi<£ produces super- 
heated steam widi a temperature of about 
500 to about 900**C at a pressure of about 
03 to about 1-5 kg/cm* (gauge), comprises 
a combustion diamber 7, a water ^>ray nozzle 75 
S mounted in the inner wall of the chamber 
and a combustion nozzle 9 within the 
diambcr 7. The water remm line 6 connected 
to the water spray nozzle 8 is provided widi 
a water supply line 10, v^ich serves to re- oO 
plenish the generator widi water when the 
recovered water is insufficient. The com- 
bustion noz2le 9 is provided with a fuel supply 
line 12 and an air supply line 13. The line 
12 has a fuel tank 14 containing a fiiel, such gS 
ft& kerosene, and a flow meter 19, while the 
line 13 has a blower 21 and a flow meter 24 
and is further provided with an air release 
line 25 for regulating the pressure of die 
combustion air. The combustion chamber 7 90 
is provided on its inner wall with a recovered 
gas injecting nozzle 27. A feed line 28 extends 
fojm the generator 2 to the thennal crac&ing 
reactor 3 for feeding si^seihcated steam to the 
reactor 3. A line 29 can be provided for con- 95 
trolling the internal pressure of the com- 
bustion diamber 7. The feed Hue 28 prefer- 
ably has the shortest possible length in order 
to reduce the loss of heat from the super- 
heated steam. It is preferable to omit the 100 
line 29. 

Referring now to Figs. 2 and 3, die reactor 
3 comprises a verdcal cylindrical main body 
32 and a residue container 33 positioned 
below the main body with an opeaable dpsure 105 
means 34 interposed therebetween. The t^in- 
drical main body 32 has an inside diameter 
sudi that imbroken ^de tyres T or the like 
can be stacked therein and comprises an outer 
cylinder 36 having a surrounding heat insu* 110 
lator 35, a lid 41 (sec Fig. 1) for dosing 
the top opening for introducing tyres T or 
the like» an annular retainer 43 at the bottom 
opening for supportii:^ tjtti T or the like in 
a horizontal position and an inner cylinder 115 
39 extending downwardly from the approxi- 
mate nuddle of the hei^t of the outer cyUa- 
der 36 to form a superheated steam passage 
37 between the outer cylinder 36 and the 
inner cylinder 39. The inner cylinder 39 is 120 
provided with a large number of small a|>er- 
tures 38, 38', 38'', ... for uniformly injecting 
GUpescheatcd steam towards the vertical axis 
from the entire periphery of the cylinder. 
The superheated steam is introduced from 125 
the feed Ibe 28 into the steam passage 37 
through an inlet 42. 

The residue container 33 has a door 45 on 
the lower side thereof and can accommodate 
a trolley 46 whidi can be withdrawn through 130 
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ib& door opexun^ The ooutaiaer 33 has a 
top opening prodded with a soppoit 50 
apposed to die anaular retainer 43. The xe- 
tainer 43 and die suppoit 50 each has an 
5 opeain^ with an internal diameter sudi that 
bead wires 44 can Ml tfaeredmuglL A rod 
47 for engaging die bead wires 44 has an 
upper end positioned at the centre of the 
of>eniQg of die support 50 and a lower end 

10 pivotably supported by the outer wall of the 
' container 33. A hodk 49 engageaWe at the 
lower end of the rod 47 retains it in position. 

The opeoatile closure 34 is sUdahfy inter- 
posed between the retainer 43 and die sup- 

15 port 50 and is hdd closed during the diennal 
craddng of tyres T or the like to seal off the 
interior of the mam body 32. The closure is 
eqmpped with hydiauUc means 51. 
Thus* lyies T or the like placed in the 

20 reactor 3 can be subject to a oniform spray 
of supeilieated steam iniected thn>agh the 
small apermres 35, 3«', 3S''", .... in the 
inner cylinder SO and are theno^y cracked 
widiin a short period of time. Tlie gas pro- 

25 duced flows upwardly, while the residue fails 
upon the midcriying closure 34. When the 
closure 34 is ogcDtd after completioii of the 
diennal cracking, die bead wines 44 in the 
residue are caugjit on the ct^paging rod 47 

30 and the le&idue (ie, cadxm having a lorw 
content of volatiles) runs o& into die troUey 
4^ and is withdrawn through the side open- 
ing after the door 45 has been opened. When 
the rod 47 is rHcased from the hook 49, the 

35 bead wires 44 are placed into the troMey 46 
and can, therefore, be similarly removed. 
Through an oudet 53^ the gas produced flows 
into the condenser 4 hy way of a dust collector 
54 v^iich is provided widi a Hne 55 for dis- 

40 carding the dust collected. 

Referring again to Fig. 1, the receiver 5 
comprises a first receive' 57 and a second 
receiver 59 in communicaidcm with the 
receiver 57 and positioned below the bottom 

45 thereof. The first receiver 57 has a recovered 
gas return Hue 60 extending from an upper 
portion of the receiver 57 to the gas injecting 
nozzle 27. The return line 60 h^ a tank 61 
containing a wa^ liquor (e.g. water or 

50 aqueous sodium hydroride sdutson) for re- 
moving toxic gases^ such as hydrogen sulpbide, 
and a reooveied gas taok 62. 68 indicates a 
line for releasing excess gas. The second 
receiver 59 is equipped wi^ a condensed 

55 (recovered) water tank 72 and a recovered 
oil tank 73. The water tank 72 is connected 
to the water spray nozzle 8 by die water 
return line 6 provided with a pump 74. The 
oil tank 73 is connected to the fuel supply 

60 line 12 between a valve 16 and the flowmeter 
19 by an oil return line 78 having a pump 
76, 67 and 79 are liquid level indicators; II, 
16, 20, 22, 26, 56, 5B, 63, 69, 70, 71, 75 
and 77 are manual or dectromagnetic valves; 



and 23, 3*1, 52, 64, 65 and 66 are pressure 65 
gauges. 

With use of the apparatus 1 of the fore- 
going oonstiuctioii, tyies or the like are ther- 
mally crocked with sopcdicated steam by the 
foHowing process. 70 

Fiist> the lid ^1 <tf the rcaaor 3 is opened 
and tyies or the Mce in their unbroken original 
shape arc placed into the reactor 3 and stadced 
witDin the vertical cylindrical main body 32. 
Hie c<Hnbastioa nozzle 9 of the sup»heated 75 
steam generatar 2 is fired. After steady opera- 
tion has been established^ recoTered water is 
injected from the water return line & through 
the spiny nozrie & into the combustion 
diamber 7. (Jif the ammmt of the water is 80 
insuffident, the chamber is appropriately ic^ 
plenished with water throu^ die water supplv 
line 10). The injected water is rapidly heated, 
fomung stqierheated steam with a temper^ore 
of about 500 to about 900^C and a piessore 85 
of about 0.3 to about 1*5 kg, /cm* (gauge). 
By way of the feed line 28^ die inHet 42 of 
die reactor 3 and the steam passage 37, the 
supedieated steain is untformly forced against 
die tyres T througji die small apertures 3«, 90 
3=8^^, 3 8'', . . « . provided in the inner cylinder 
39. GonseqiienfUy, the tyres T undergo a 
theimal cracking reacdoa with the aid of 
the si4}erheated steam and are rapidly cracked 
into gas and residue. The cracked product 95 
is condensed in the oondcnscr 4 and dicn 
separated into gas and liquid in the fiist 
receiver 57. The resulting gas portion may 
be recycled to the steam generator 2 via the 
return line 60. The liquid portion is left to 100 
stand in the second receiver 5S and thereby 
separates into odl and water. The oil portion 
is passed ihroi^ the oil return line 7^, whMe 
the water pctfcion is passed throu^ the water 
retnin line 6 and reused in the ffteam genera- 105 
tor 2. Thus, the recovered water is req^ed 
throu^ the apparatus 1 for xcxtsc, without 
any possibility of causing pollution wfaidi 
woola result S. the water is run off &am the 
apparatus. The residue, ^en separated from 110 
l^d wires 44j oonasts piedomlnandy of 
carbon Uack having a low content of volatiles. 
The re»due can be readyiy reused as a 
material for makmg nibber {mxlucts. 

The following IkampAcs are given for the 115 
purpose of illustrating the present inven- 
tion: — 

Example 1. 
Several kinds of waste standard tyres from 
ordinary motor vehides were used. Four or 120 
five lyres of each land woe ticated by the 
foregdng process widi the use of the q>para- 
tus described above. For the initiatioa of the 
operaticoi, about 20 litres of tap water were 
stqif^ed to the* apparatus. The re<^iired 125 
amount of water was 6id)sequeiidy provided 
by lecyding the recoveied water. The results 
obtained are given in the followine Table I: 
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TABLE I 



Specimen 


Weight of 
tyres 
treated 
Ocg.) 


Material balance % 


Cracking conditions 


Oil 


Carbon 


Bea4 
Wire 


Gas 


Temp. 
(«C.) 


Time 
(hr.) 




29.5 


49.5 


33.9 


4.1 


12.5 


530* 


5 


s. 


32.0 


54.7 


31.7 


4.1 


9.5 


720 


2 


s. 


30,4 


55.9 


33.6 




10.5 


760 


2.2 


S4 


29.5 


54.3 


33.0 


3,4 


9.3 


700 


2 



10 



15 



20 



* Additionally heated by electric heater. 

The proportion of the steam in the gas 
produced in the combustion chamber 7 for 
Ac treatment <rf Specimen S^. and the proper- 
ties of the carbon recovered tfaere^m are 
as follows: 

Cranposition of the steam: 

mol % 

COe 2.14 
H2O 84.65 
N, 12.90 
O, 031 

Pkt^ierties of the carbon recovered; 



Reduction due to heating 

Vdatiles * 

Ash 

Amount of iodine adsorbed 
Amount of dibutyl phthalate 

adsorbed 
pH 



0.9% 

10.1% 
104 mg/g. 
100 ml/100 g. 

9.6 



apparatus contains about 4.8 m about 8.6% 
of vdatUes (sec "Rubber Age", February, 
197A). 

The thermal cracking apparatus used had 
the following spcdfications; 

Siqierhcated steam generator 2: 



Kated capacity 
Fud 

Turndown ratio 



60^000 kcal/hi. 

kerosene 

1/5 



* The carbon recovered by a conventional 



Thermal cracking reactor 3: 

Inside diameter of vertical 

cylindrical main body 800 mm, 
Height of the main body 3,000 mm. 

Example 2. 
Wastes of special rubber products were 
treated in the same manner as in Eicample I, 
the results obtained being given in the follow- 
ing Table II: — 
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Specimen 



Weight of 
material 
treated 
(kg.) 



CarbonH;ontaicing 
rubber* 

+ types + polyethylene 

+ waste oil 

Golf balls 

Tyre filler 

Carbon-containing 
rubber* 



30.2 

25.0 
30.0 

31.1 



TABLE n 



Material balance (%) 



Oil 



54.0 
55.2 

49 ;o 

41.8 



Carbon 



30.8 

31.6 
2.3 

31.5 



Bead 
wire 



3.6 



4.2 



Oas 



11.6 

13,2 
48.6 

22.5 



Cracking conditions 



Temp. 
(°C,) 



700 

730 
730 

770 



Time 
Ou.) 



2 
2 

2,5 



* Waste from tyre manufacturing process. 

WHAT WE CLAIM IS:— 

1. A process for thermally cracking an 
organic solid wastes coa^tising thermally 

5 craddj^g a rubber-contdmng organic soKd 
waste with supetheatjcd steam obtained from 
a superheated steam generator of the intemai 
heating type and recycling the water recovered 
by condensing the resulting cracked product 
10 and steam for use as a source of water for 
the. steam generator. 

2. A process aooording to daim 1, wherein 
the superheated steam used has a temperature 
of 500 to 900^C 

15 3. A process according to claim 1 or 2, 
wherein the superheated steam used has a 
pressure trf 0.3 to 1^ kg/cm» (gaqgcj. 

4. A process according to any of tne pre- 
cedm^ ciaidis, v^iercin die rubber-containing 

20 orgamc solid waste is thermally cracked widi- 
out boing broken up. 

5. A process according to claim 1 for dieim- 
ally crackmg oiganic solid waste» substan* 
tially as hercinfocforc described and cxempH- 

25 fied and wiih reference to the accompanying 
drawings. 

6. An apparatus for tfaennaUy cracking a 
ruhber-contaimng organic solid waste, com- 
prising a superheated steam generator of the 

30 internal heating type, a thermal craddng 
reaaor for thermally cracking rubber-contain- 



ing organic solid waste wttii superheated steam 
from the geaeratory a condenser for condens- 
ing the cracked product and steam drawn off 
from ihe'rcactor and a receiver for the result- 
ing condensate the afoccsaid components of 
the apparatus being arranged in the givea 
order, and a pipe extcndinf from the recciyer 
to the generator for rcturmng the rcooTCied 
water. 

7. An apparatus according to daim 6, 
wherein die thermal cradctng reactor is pro* 
vided at its lower end with means for with- 
drawing die carbon resuluiig from thermal 
cracking. 

■8. An apparatus accorddng to claim 6 for 
thermally craddng rtdiber-containing organic 
solid waste, substantially as hereinbefore dc* 
scribed and with reference to the accompany- 
ing drstiwipgs. < 

9. Qubon substantially free of volatilcSj 
whenever produced by the process according 
to any of claims 1 to 5, 
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